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Program Number: 1244
Presentation Time: 8:30 AM–8:45 AM
Age- and accommodation- dependence of the human crystalline 
lens shape and thickness measured with extended-depth Optical 
Coherence Tomography
Alex T. Pham1, 2, Ethan Adre1, 2, Keke Liu1, 2, Yu-Cherng Chang1, 2, 
Ivan Shestopalov1, Florence Cabot1, 3, Siobhan Williams1, 2, 
Giovanni Gregori4, Marco Ruggeri1, Arthur Ho5, 6,  
Jean-Marie A. Parel1, 5, Fabrice Manns1, 2. 1Ophthalmic Biophysics 
Center, Bascom Palmer Eye Institute, University of Miami Miller 
School of Medicine, Miami, FL; 2Department of Biomedical 
Engineering, University of Miami College of Engineering, Miami, 
FL; 3Anne Bates Leach Eye Hospital, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL; 
4Quantitative Imaging Center, Bascom Palmer Eye Institute, 
University of Miami Miller School of Medicine, Miami, FL; 
5Brien Holden Vision Institute, Sydney, NSW, Australia; 6School 
of Optometry and Vision Science, University of New South Wales, 
Sydney, NSW, Australia.
Purpose: To quantify the changes in anterior and posterior lens 
curvature and thickness with accommodation and with age using 
extended-depth Optical Coherence Tomography (OCT).
Methods: Under an IRB protocol, 15 eyes from 10 subjects (Age 
range: 21 to 60 years) were imaged with an accommodation biometry 
system that combines a fixation target with adjustable vergence and 
a custom-built extended-depth OCT system that enables imaging of 
the anterior segment from the anterior corneal surface to the posterior 
lens (840 nm, 12,500 A-lines/s, 8 μm axial resolution) (Ruggeri et al, 
Biomed Opt Exp 2012). For each subject, OCT images (400 A-lines) 
were acquired with the fixation target adjusted to vergences ranging 
from 0 D (distance) to 6 D (near) in 1 D increments. Images acquired 
at each stimulus were processed using a program written in MATLAB 
to automatically segment the corneal and lens boundaries and correct 
for refractive distortions. Distortion correction for the posterior 
surface of the lens assumed a uniform refractive index (n=1.415) 
for the crystalline lens. For each subject, the change in anterior and 
posterior lens radius of curvature and lens thickness change with 
accommodation stimulus was estimated using linear regression to 
produce shape- and thickness-stimulus slopes (in mm/D). Change in 
the lens curvature and shape was assessed as a function of age.
Results: Anterior and posterior lens curvatures steepened and 
lens thickness increased with accommodation, consistent with the 
Helmholtz theory of accommodation (Figure 1). The accommodative 
change in shape (in mm/D) decreased with age (Figure 2), unlike 
results obtained using Scheimpflug imaging (Dubbelman et al, Vis 
Res 2005).
Conclusions: OCT biometry enables characterization of the age-
dependence of the accommodative response of the crystalline lens.

Figure 1: Typical accommodative response showing the change in 
anterior lens curvature, posterior lens curvature, and lens thickness 
versus accommodation in response to step stimuli of with amplitude 
ranging from 1D to 6D. Data is from a 26 year old subject.

Figure 2: Age-dependence of the slopes of anterior radius 
(left), posterior radius (center) and lens thickness (right) versus 
accommodation stimulus.
Commercial Relationships: Alex T. Pham, None; Ethan Adre, 
None; Keke Liu, None; Yu-Cherng Chang, None; 
Ivan Shestopalov, None; Florence Cabot, None; Siobhan Williams, 
None; Giovanni Gregori, None; Marco Ruggeri, US Patent 
8,425,037 (P); Arthur Ho, None; Jean-Marie A. Parel, US Patent 
8,425,037 (P); Fabrice Manns, US Patent 8,425,037 (P)
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Peripheral aberrations of pseudophakic eyes implanted with an 
aspheric monofocal intraocular lens
Aixa Alarcon1, Robert Rosen1, Petra Draschl2, Nino Hirnschall2, 
Marrie Van der Mooren1, Patricia A. Piers1, Oliver Findl2. 1Abbott 
Medical Optics, Abbott Medical Optics, Groningen, Netherlands; 
2Department of Ophthalmology, Hanusch Hospital, Vienna, Austria.
Purpose: The purpose of this study is to evaluate the effect of an 
aspheric monofocal intraocular lens (IOL) in peripheral aberrations 
along the horizontal visual field.
Methods: Aberrations were measured using a peripheral Hartmann-
Shack wavefront sensor from +30 to -30 degrees eccentricity along 
the horizontal visual field. Zernike polynomials up to 5th order were 
calculated for each eccentricity and 4mm pupil. Sixteen pseudophakic 
eyes implanted with an aspheric monofocal IOL were included in this 
study. Data were collected one month after surgery.
Results: The average of spherical equivalent (M) and cylinder (J0) 
increased quadratically with horizontal eccentricity (R^2=0.99 
in both cases, centered at 3 degrees in the temporal visual field) 
and the average of J45 increased linearly (R^2=0.90) with the 
horizontal eccentricity. Whereas the average trend in J45 was well 
below standard deviation, the myopic shift for M and J0 exceeded 
the standard deviation with more than a factor of two. The myopic 
shift at 30 degrees was equal for M and J0 (p>0.05 for the nasal and 
temporal field of view) and significantly higher in the nasal than 
in the temporal field of view (1.5D for temporal and 3D for nasal 
field of view, p<0.05 for M and J0). The rate of change for J45 was 
0.004 D/degree. Spherical aberration (C4,0) was independent of the 
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eccentricity (R^2=0.04) and close to zero along the horizontal visual 
field (average value was 0.01±0.01 microns along the horizontal 
axis and 0.02±0.05 microns on-axis). Similar trend was found for 
vertical coma (C3,-1) with average value of 0.04±0.01 microns 
along the horizontal visual field (R^2=0.4 with a rate of change of 
0.0005 microns/degree). Horizontal coma (C3,1) changed linearly 
(R^2=0.98) with eccentricity and had a rate of change of 0.005 
microns/degree.
Conclusions: Sphere and cylinder increased along the horizontal 
visual field in eyes implanted with an aspheric monofocal IOL, as 
it has been previously reported in pseudophakic eyes implanted 
with standard monofocal IOLs (Jaeken et al. IOVS 2013). Spherical 
aberration and vertical coma provided an average on- and off-
axis value close to zero and were independent of the eccentricity. 
Horizontal coma provided a rate of change along the horizontal visual 
field similar to that of young phakic eyes and lower than for old 
phakic eyes (Baskaran at al. Optom Vis Sci 2011).
Commercial Relationships: Aixa Alarcon, Abbott Medical Optics 
(E); Robert Rosen, Abbott Medical Optics (E); Petra Draschl, 
None; Nino Hirnschall, None; Marrie Van der Mooren, Abbott 
Medical Optics (E); Patricia A. Piers, Abbott Medical Optics (E); 
Oliver Findl, Abbott Medical Optics (C)
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Intraocular photobonding for accommodating intraocular lenses
Rocio Gutierrez-Contreras2, Nicolas Alejandre2, 1, 
Carlos Dorronsoro2, Susana Marcos2. 1Fundación Jiménez Díaz, 
Madrid, Spain; 2Instituto de Optica, CSIC, Madrid, Spain.
Purpose: Accommodating Intraocular Lenses (AIOLs) require a 
strong engagement of their haptics to the equatorial region of the 
emptied capsular bag in order to capture the forces from the ciliary 
muscle and change their surface shape and power. We recently 
demonstrated a photobonding method (Marcos et al. IOVS 2015) 
by which strips of capsular bag became strongly bonded to pHEMA 
polymer extraocularly. Here we present intraocular bonding of 
commercial IOL to capsular bag using Rose Bengal-Green light 
photobonding (RGP).
Methods: Phacoemulsification (Laureate, Alcon) was performed in 
porcine cadaver eyes (<24 h post-mortem) through a 5-mm diameter 
anterior lens capsulorhexis. An Akreos IOL (B&L, pHEMA-MMA 
material) was inserted in the capsular bag, and kept in contact with 
the anterior capsular bag. Contact of the two surfaces was achieved 
by continuous air infusion into the anterior chamber of the eye, which 
provided sufficient pressure at the interface and oxygen, required in 
the photobonding chemical reaction. The capsular bag and the IOL 
were stained with 0.1 mL of a 0.1% solution of photosensitizer Rose 
Bengal in 0.01M phosphate buffered solution. A 1-mm diameter 
fiber-optic probe connected to a custom-made lamp provided with a 
diode-laser (532 nm) was inserted through a 1.5 -mm corneal incision 
and used to locally irradiate the capsular bag- IOL interface. The laser 
irradiance ranged from 10 -20 W/cm2 at the exit of the fiber probe 
and was applied during 2.5 - 7 minutes intraocularly, in different 
essays. After irradiation, the cornea was removed and the eye with 
the photobonded IOL was mounted in an uniaxial stretcher to assess 
the bonding breaking load.
Results: We found that irradiance/time of 20/2.5 &10/7 W/cm2 /min 
were sufficient for the IOL-capsular bag intraocular photobonding 
to happen. In the stretcher, the breaking force was above 0.12N, 
higher than the accommodating forces of the ciliary muscle (net force 
of 0.08N around the entire equator). The zonulae broke before the 
IOL-capsular bag bonding, suggesting that the bond would eventually 
resist the stretching of the ciliary muscles.

Conclusions: Photobonding (RGP) of the capsular bag and IOL 
polymer material can be achieved intraocularly, in a cataract surgery 
procedure, compliant with the natural ciliary muscle stretching 
mechanisms. This technique will enable function of AIOLs without 
relying on capsular bag integrity or natural haptic fibrosis.
Commercial Relationships: Rocio Gutierrez-Contreras, None; 
Nicolas Alejandre, CSIC (P); Carlos Dorronsoro, CSIC (P); 
Susana Marcos, CSIC (P)
Support: European Research Conuncil ERC-2011-AdG-294099; 
Spanish Government FIS2014-56643R and FIS2013-49544-EXP
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SAVER Study- Simulation by Adaptive Optics for Vision 
Experiment and tReatment in presbyopia
Shruti Kochar Maru1, Rohit Shetty2, K Bhujang Shetty3, Abhijit Sinha 
Roy4. 1Cataract and Refractive Services, Narayana Nethralaya, 
Bangalore, India; 2Vice Chairman, Head of Refractive Department, 
Neuroophthalmology and Electrophysiology, Narayana Nethralaya, 
Bangalore, India; 3Chairman, Narayana Nethralaya, Bangalore, 
India; 4IBMS-Imaging, Biomechanics and Mathematical Modeling 
Solutions, Narayana Nethralaya Foundation, Bangalore, India.
Purpose: To evaluate distance, intermediate and near vision in 
presbyopic patients with an adaptive optics (AO) simulator by 
modifying spherical aberration (SA).
Methods: Visual AO (VAO) aberrometer (VOptica Inc., Spain) was 
used to measure ocular wavefront aberrations in presbyopic patients 
(n=100). VAO also has in built liquid crystal sensor to modify the 
ocular aberrations virtually and perform function vision test on 
presbyopic eyes. By changing SA over the natural aberrations of the 
eye, the change in uncorrected distance, intermediate (80 cm) and 
near (40 cm) visual acuity (VA) was noted in decimals. Refractive 
error was also measured with VAO. Induced change in SA was 
converted to required hyperopic ablation for possible surgical 
modification.
Results: In presbyopic eyes, induction of added negative SA resulted 
in improvement of near and intermediate VA but distance VA reduced 
simultaneously. Median VA improved by 0.1 decimal in intermediate 
and near vision while distance VA reduced -0.15 decimal (p<0.0002). 
Desired change in SA was selected by optimizing the improvement in 
near and intermediate vision while maintaining distance VA. Nearly 
half of the eyes required a hyperopic spherical correction of 1D or 
more to improve the near and intermediate vision. The remaining 
needed 1D or less. Overall, each eye was unique.
Conclusions: VAO provided patient-specific measurements of 
aberrations and its subsequent modification to improve near and 
intermediate VA. This methodology can help in customization of 
presbyopia treatment with laser ablation.
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Visual simulations of real multifocal lenses in a multi-channel 
Adaptive Optics system
Susana Marcos, Maria Vinas, Clara Benedi, Sara Aissati, 
Vyas Akondi, Xoana Barcala, Enrique Gambra. Instituto de Optica, 
CSIC, Madrid, Spain.
Purpose: To compare through-focus (TF) optical & visual quality 
produced by real multifocal intraocular lenses with visual simulations 
using a Spatial Light Modulator (SLM) and temporal multiplexing 
with optotunable lenses (SimVis) in an Adaptive Optics Visual 
Simulator (AO).
Methods: A custom polychromatic AO system was used, which 
contained: a supercontinuum laser, a Hartmann-Shack wavefront 
sensor, an electromagnetic deformable mirror (DM), a double-pass 
retinal imaging channel (DP), phase-only reflective SLM, SimVis and 
phase plate channels, monochromatically illuminated psychophysical 
channel (DMD), Badal optometer and pupil monitor system. Two 
physical 0-D multifocal IOLs (trifocal diffractive –TriD- and bifocal 
non-rotationally symmetric refractive –BiR-) were projected on the 
eye’s pupil, and also mapped in the SLM (as a spatial phase map) and 
on SimVis (as a temporal profile). TF retinal images of an E-optotype 
were collected on an artificial eye (no aberrations, 5-mm pupil) with 
a CCD camera at the retina, and image correlation coefficient used as 
a metric to compare real IOL data with SLM & SimVis simulations. 
TF visual acuity (VA) was also obtained on 3 cyclopleged patients for 
the 3 conditions. Comparisons of TF quality on-bench and in patients 
were obtained in terms of RMS difference with the real IOL data as a 
reference.
Results: TF image correlation from on-bench measurements were 
0.91/0.95/0.97 @far & 0.48/0.36/0.75 @+3.00D for BIR, and 
0.94/0.90/0.99 @far & 0.27/0.33/0.32 @+3.50D for TriD for Real 
IOL/SimVis/SLM simulations. TF DP curves showed maximum 
values within 0.25 D for SLM and 0.50 D for SimVis with respect 
to Real IOLs. TF Visual Acuity curves (5 D range) in patients 
showed great individual similarity across simulations. Average RMS 
difference from Real IOL and simulated TF curves was 1.14 for BiR 
& 0.84 for TriD for SimVis, and 1.93 for BiR & 1.49 for TriD for 
SLM. VA values correlated highly between Real IOLs and SimVis 

(r=0.71 & r=0.46;p<0.05 across subjects for BIR and TriD) and Real 
IOLs and SLMs (r=0.46 & r=0.56;p<0.05 across subjects for BIR  
and TriD).
Conclusions: Visual simulations in an AO system capture to a large 
extent the optical and visual performance obtained with real IOLs, 
both in absolute values and the shape of TF curves when compared 
on the same individual patients. Visual Simulators are useful 
programmable tools to predict visual performance with multifocal 
IOLs.
Commercial Relationships: Susana Marcos,  
2Eyes Vision (F), CSIC (P); Maria Vinas, 2EyesVision (I); 
Clara Benedi, None; Sara Aissati, None; Vyas Akondi, 2EyesVision 
(I); Xoana Barcala, None; Enrique Gambra, 2Eyes Vision (E)
Support: ERC-2011-AdG 294099; FIS2014-56643-R; H2020 
COFUND Marie Curie 291820; ERC-PoC SimVisSim

Program Number: 1249
Presentation Time: 9:45 AM–10:00 AM
Visualization of retinal images after virtual intraocular lens 
implantation
Karsten Sperlich1, Sebastian Bohn1, Mario Gerlach2, Julia Schubert1, 
Heinrich Stolz3, Piotr Marczuk2, Oliver Stachs1, Rudolf F. Guthoff1. 
1Department of Ophthalmology, University Medicine Rostock, 
Rostock, Germany; 2Carl Zeiss Meditec AG, Berlin, Germany; 
3Institute of Physics, University of Rostock, Rostock, Germany.
Purpose: It is difficult to attribute parasitic effects in the human 
vision to its specific origin. Starburst for example, a radially oriented 
ray pattern around bright light sources, may have physical reasons 
due to scattering or diffraction processes in the eye or it may be 
caused by neuronal effects. Access to the image projected on the 
retina helps to understand such vision effects. In combination with 
virtual intraocular lens implantation (VirtIOL), the image on the 
retina provides information regarding the optical elements of the eye 
including the IOL characteristic. We present a method to photograph 
the image projected on the retina.
Methods: Usually emitted or reflected light from an object is focused 
on the retina, where a very small amount of light is backscattered. 
A beam splitter, positioned in front of a subject’s eye, allows to 
focus this light onto a camera sensor. Following tasks have to be 
accomplished: (1) the selection of a camera system with an high 
quantum efficiency (Andor 940 BV - quantum efficiency 95%), 
(2) optimized stray light management to eliminate background 
illumination, (3) identify a device mimicking the effect of an 
implanted IOL placed just in front of the beam splitter. This setup 
(see fig. 1) enables to study the IOL design specific influences on 
vision and even to investigate possible differences between the retinal 
image and the subject’s perception.
Results: We successfully established a setup to photograph the image 
formed on the retina. The integration time is still in the order of 200 
s and therefore a cooled camera system for thermal noise suppression 
is essential. Exemplifying this approach fig. 2 shows the retinal image 
of a subject looking at a monitor in 6 m distance showing the letters 
“ARVO” (18.5 cm horizontal width on the monitor). The image was 
taken with a monofocal IOL virtually implanted.
Conclusions: We developed a method to photograph the image 
projected on the retina of a subject. In combination with a virtual IOL 
implantation this setup provides access to the influence of the optical 
IOL characteristics on the retinal image comparing to the individual 
image perception. This helps to understand and characterize imaging 
phenomena such as glare and starburst.
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Setup to photograph images projected on a subject’s retina

Retinal image of a monitor (6 m distance) showing the letters 
“ARVO” corresponding to a full viewing angle of 1.8° with a 
monofocal IOL virtually implanted.
Commercial Relationships: Karsten Sperlich; Sebastian Bohn, 
Carl Zeiss Meditec AG (F); Mario Gerlach, Carl Zeiss Meditec AG 
(E); Julia Schubert, Carl Zeiss Meditec AG (F); Heinrich Stolz, 
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(E); Oliver Stachs, Carl Zeiss Meditec AG (F); Rudolf F. Guthoff, 
Carl Zeiss Meditec AG (F)
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Realistic three-dimensional scene visualization through 
presbyopia treatment modalities
Jim Schwiegerling. Optical Sciences, University of Arizona, Tucson, 
AZ.
Purpose: The purpose of this study is to create realistic simulated 
scenes in which different presbyopia treatment modalities such 
as progressive addition lenses (PALs) and multifocal contact and 
intraocular lenses.
Methods: The Point Spread Function (PSF) is determined for 
different treatment modalities. For PALs, images of an array of 
point sources are captured to determine the PSF for a series of eye 
gaze positions. For multifocal contact and intraocular lenses, a 

high resolution Shack Hartmann sensor is used to the measure the 
wavefront associated with each lens. The PSF is then calculated 
from each wavefront. To providing realistic renderings of 3D scenes, 
the scene is decomposed into a series of planes, each at a distinct 
distance. Objects in each plane are convolved with a depth-adjusted 
Point Spread Function and the planes are recombined to form a 
simulated scene. Occlusion of background objects by the foreground 
is also accounted for. Pupil size, eye gaze position and head 
orientation can also be controlled.
Results: The image below shows an example office scene as viewed 
through two commercially available multifocal contact lenses. The 
first lens has a center near progressive aspheric profile to create 
multifocality, while the second lens has zonal aspheric optics with 
ring-type zones of alternating distance and near power. Both lenses 
demonstrate an ability to provide usable near intermediate and near 
vision. However, the ring-type bifocal caused more ghosting of letters 
for near objects.
Conclusions: Three-dimensional scene simulation provides a useful 
tool for analyzing the performance properties of various types of 
presbyopic correction. The scenes provide realistic comparison of 
common visual situations such as reading a cell phone or computer 
screen and viewing distant objects. The simulations can illustrate 
the benefits and limitations of a vast array of presbyopia treatments. 
These simulations are useful for patient education as well as for 
comparing the performance between designs and modalities.
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